The objective of this study is to examine impacts of food assistance programs, demographic characteristics, and socioeconomic status of households on children's food insecurity in U.S. Annual cross-sectional and pseudo-panel analyses with fixed effect regressions are conducted in this study using probit and truncated regressions. The simultaneous equation procedure is applied to address the endogeneity problem caused by the reverse influence of food insecurity on participation of food programs. Results show that some government-sponsored food programs are effective in alleviating the children's food insecurity problem, and demographic characteristics and living environments are important factors in determining the status of children's food insecurity. Our results also manifest the importance of considering the endogeneity problem of food program variables in evaluating the effectiveness of food programs.
Introduction
Food insecurity refers to the state of being limited or uncertain availability of nutritionally adequate and safe foods or being limited or uncertain ability to acquire acceptable foods in socially acceptable ways (Anderson, 1990) . Many studies in the literature report the severity of food insecurity in U.S. (Cristofar & Basiotis, 1992; Dixon, Winkleby, & Radimer, 2001; Gundersen & Gruber, 2001; Ribar & Hamrick, 2003; Borjas, 2004; Coleman-Jensen, Nord, & Singh, 2013) . For example, Coleman-Jensen, Nord, & Singh (2013) state that approximately 14.5% of U.S. households lived in food insecurity in 2012, meaning that approximately 17.6 million households had the problem of achieving enough or healthy food. In order to alleviate this food insecurity problem, the U.S. federal government has implemented several food assistance programs such as Supplemental Nutrition Assistance Program (SNAP), National School Lunch Program (NSLP), and the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) (see Reed & Levedahl, 2010; Gleason & Suitor, 2003; Aussenberg & Colello, 2016 for details about food assistance programs in U.S.).
Food security is essential for children's health, physical activities, growth, intellectual development, and even future adult health status (Vereecken & Maes, 2003) . Few studies have examined impacts of public food programs on children's food insecurity. However, no clear evidence has shown the extent of effects of these programs, demographic factors and living environments of households on the probability of children's falling in food insecurity or the severity of their food insecurity. Some researchers study effects of food programs on household poverty. Rose (1999) states that the household poverty, determined by household income, indirectly measures the severity of people's hunger. Unlike studying poverty, the examination of children's food insecurity can help directly understand children's food diet and related health status. In 2012, a 59.1% of households in poverty were not food insecure in U.S., which indicates that poverty and food insecurity are two different subjects (Coleman-Jensen, Nord, & Singh, 2013) . Figure 1 clearly shows the difference between children's poverty rate and children's food insecurity rate for the past 12 years from 2001 to 2012. Poverty rate of households and food insecurity rate of households look similar, but the poverty rate of children under 18 is much higher than the food insecurity rate of children under 18. The objective of this study is to examine effects of food programs and household's demographics and socioeconomic characteristics on the status of children's food insecurity. Specifically, this study uses probit and truncated regression models to investigate whether or not the food programs, SNAP, NSLP, and WIC, decrease the probability of children's being food insecure and the severity of children's food insecurity, while effects of children's demographic and household's socioeconomic factors are also examined. The potential endogeneity problem, caused by the reverse influence of food insecurity on participation of food programs, is addressed by the simultaneous equation procedure. Both annual cross-sectional and pseudo-panel analyses with fixed effect regressions have been conducted in this study.
Review of Previous Studies
Recently, there have been numerous studies in the food insecurity literature. Cristofar & Basiotis (1992) study the relationship between food intake and food insecurity for women and children and state that women's lower level of food intake is relevant to their food insecurity, but no such evidence is found from children. Dixon, Winkleby, & Radimer (2001) find that adults from food insufficient families face various nutrition problems. Gundersen & Gruber (2001) report the significant influence of the amount of savings on the low-income households' food insecurity. However, only a few studies focus on children's food insecurity. Weinreb, Wehler, Perloff, Scott, Hosmer, Sagor, & Gundersen (2002) examine effects of food insufficiency on children's health and academic performance. They find that children in severe food insufficiency are more likely to suffer chronic illnesses and psychiatric distress. Alaimo, Olson, Frongillo Jr., & Briefel (2001) study the relationship between food insecurity and child health and report that food insecure pre-school age children face more frequent colds than school-children do. Jyoti, Frongillo, & Jones (2005) also report that food insecurity affects children's developmental outcomes, including academic performance, weight gain, and social skills.
Numerous studies in the literature investigate effects of government food programs on poverty or food insecurity. Bishop, Formby, and Zeager (1996) study impacts of SNAP on poverty in 1982 and 1990 using CPS data. Results show that SNAP is effective in reducing poverty for both years. Baker & Grosh (1994) investigate households in Venezuela, Mexico and Jamaica with simulation experiments and report that geographically targeted programs are better than general food subsidies in reducing poverty. Jolliffe, Gundersen, Tiehen, & Winicki (2005) conduct research on effects of SNAP on severity and incidence of children's poverty. The research finds that the incidence of children's poverty is not reduced much by food stamps, while the severity is significantly reduced. Wilde & Nord (2005) estimate the impact of SNAP on food insecurity and report a strong effect of SNAP participation in reducing the food insecurity problem. A recent study by Nord & Romig (2006) estimates effects of NSLP and Summer Food Service Program (SFSP) in food insecurity. The study shows that meals provided in the summer by NLSP and SFSP reduce the prevalence of food insecurity with hunger of the U.S. households. Jensen (2002) finds that the degree of food insecurity is correlated with the SNAP participation and concludes that labor market and program parameters have a relatively larger effect on more food insecure households than on others.
When evaluating food assistance programs, the variable representing a food program is endogenous rather than exogenous. That is, households with children who are suffering from food insecurity could also be more willing to participate in food programs compared to food secure households. Then, the estimation of effects of food programs on children's food insecurity is biased without properly addressing the endogeneity problem. Many studies have used the two-step simultaneous equation procedure to address the potential endogeneity problem (Mallar, 1977; Gundersen & Oliveira, 2001; Kabbani & Yazbeck , 2004; Huffman & Jensen, 2008; Yen, Andrews, Chen, & Eastwood, 2008; Ranney & Gómez, 2010) . In the first step, the probability of program participation is estimated with various predictors. Then, in the second step the predicted values of the endogenous variable from the first stage is included as one of explanatory variables in the food security equation. Gundersen & Oliveira (2001) estimate the effectiveness of SNAP on food insecurity with and without controlling the endogeneity issue of the food program participation. When probit estimation is conducted without controlling the endogeneity problem, authors find that SNAP participation increases food insecurity. But, when the two-step model is estimated, SNAP doesn't have impact on food insecurity. Using a similar two-step model, Kabbani & Yazbeck (2004) also find that participating in SNAP doesn't significantly reduce hunger for households with school age children, but participating in NSLP helps these households effectively. Huffman & Jensen (2008) investigate the association of food stamp participation, labor market participation, and food insecurity using wage as an instrumental variable for equations of labor market participation and food stamp participation. In this study, unlike most previous studies, the Inverse Mill's ratio is added to the wage equation to address the labor force selection problem. Results indicate that the SNAP participation doesn't have a significant effect on food insecurity. Yen, Andrews, Chen, & Eastwood (2008) also use the two-stage equation model, but instead of making food insecurity as a binary variable, the authors treat food insecurity as a censored variable. Findings from this study suggest that food stamp participation reduces the severity of food insecurity. Ranney & Gómez (2010) estimate effects of SNAP and food insufficiency on the health of the elderly using an ordered probit estimation. The study finds that, after correcting for the endogeneity, the coefficient of SNAP participation on elderly health becomes statistically insignificant, whereas the food insufficiency significantly worsens elderly's health status. Nord & Golla (2009) examine impacts of SNAP on food insecurity using panel data method while addressing the endogeneity. In their survey, same households are matched every two years to construct the panel data. This study finds the prevalence of food insecurity decreases among households participating in SNAP.
Although the previous studies mostly investigate effects of food programs on households' poverty or food insecurity, only few studies focus on children's food security (e.g., Alaimo, Olson, Frongillo Jr., & Briefel, 2001; Weinreb, Wehler, Perloff, Scott, Hosmer, Sagor, & Gundersen, 2002; Jyoti, Frongillo, & Jones, 2005) . Unlike these studies, our study examine effects of food programs, demographic characteristics, and parental or reference person's socioeconomic background on the status of children's food insecurity, specifically focusing on the probability of children being food insecure and the extent of children's food insecurity. We examine effects of three food assistance programs, SNAP, NSLP, and WIC, together, because, due to the existence of various children's food assistance programs, considering only one program could lead to biased results. To consider individual's behavioral changes over time, for the first time in the food insecurity literature, this study applies the pseudo panel data analysis to the Current Population Survey Food Security Supplements (CPS-FSS) data. The pseudo panel data are formed because the CPS-FSS data do not maintain repeated panel over time.
Methodology

Probit and Truncated Regression Models
This study uses binary and Rasch scale variables 1 as dependent variables to represent children's food insecurity. The sample for the binary dependent variable model includes both food secure and insecure children and is used to estimate the probit model. The food secure children are dropped for the Rasch scale dependent variable model so that we can examine whether food assistance programs change the severity of children's food insecurity (for example, from severe to less severe food insecurity). Therefore, a truncated regression is conducted for this model. Probit and truncated regression models are written as: A dummy variable is generated to indicate whether the child is at school age or at pre-school age: Schoolage = 1 when a child is at school age (age 6 to 17), 0 otherwise. Note that WIC is only available to the pre-school age children up to 5 years old, and NSLP is only for the school age children. Children's race includes: White = 1 when a child is white and not Hispanic, 0 otherwise; Black = 1 when a child is black and not Hispanic, 0 otherwise; Hispanic = 1 when a child is Hispanic, 0 otherwise. Family structure variable includes: Married couple = 1when a child lives with a married reference person, 0 otherwise; Single mother = 1 when a child lives with a single-mother reference person, 0 otherwise; Single father = 1 when a child lives with a single-father reference person, 0 otherwise; Other household = 1 when a child lives with an unrelated reference person, 0 otherwise. For household income variables, 3 Income1 = 1 if a child lives in a household with the income-poverty ratio (i.e., income/poverty) smaller than 1.0, 0 otherwise; Income2 = 1 if a child lives in a household with the income-poverty ratio greater than or equal to 1.0 and smaller than 1.3, 0 otherwise; Income3 = 1 if a child lives in a household with the income-poverty ratio greater than or equal to 1.3 and smaller than 1.8, 0 otherwise; Income4 = 1 if a child lives in a household with the income-poverty ratio (i.e., income/poverty) greater than 1.8, 0 otherwise. Residence of child indicates whether a child lives in metropolitan area or non-metropolitan area. 4 Residential region includes Northeast, Midwest, South, and West. Education of the reference person is also expected to affect a child's food insecurity. Four education variables considered in this study include: High school = 1 when a child lives in a household with a reference person who has a high school degree, 0 otherwise; Some college = 1 when a child lives in a household with a reference person who has some level of college education, 0 otherwise; Bachelor = 1 when a child lives in a household with a reference person who has a bachelor degree, 0 otherwise; Graduate = 1 when a child lives in a household with a reference person who has a graduate degree, 0 otherwise. A dummy variable to represent the reference person's employment status is also generated and included in the model. Employment = 1 when a child lives in a household with the reference person who is employed, 0 otherwise.
Probit and Truncated Regression Models with Simultaneous Equation Procedure
As discussed earlier, in (1) and (2) are endogenous because children's food insecurity could be affected by the participation of food programs, but the participation of food programs could also be affected by children's food insecurity. The endogeneity makes the parameters estimated from (1) and (2) biased and inconsistent. To address the endogeneity problem of food program variables, a two-stage simultaneous equation procedure has been suggested in the literature (e.g., Mallar, 1977; Maddala, 1983; Gundersen & Oliveira, 2001; Huffman & Jensen, 2008) .
For the two-stage procedure, the first step is to estimate a reduced form equation and calculate predicted values from the estimated equation. A probit model for the first step is specified as:
where indicates the probit prediction of individual i for program j; represents instrument, demographic, and socioeconomic variables; and represents error terms. Instrumental variables used for the estimation of SNAP participation in equation (5) are from SNAP policy database (USDA/ERS), which include biometric technology, outreach spending, and expanded categorical eligibility. Biometric technology is the change in biometric information (e.g., fingerprinting) requirement policy, which can affect SNAP participation by increasing the cost of participation (Ratcliffe, McKernan, & Zhang, 2011) . Outreach spending is the sum of federal, state, and grant outreach spending and is expected to increase participation of SNAP. Expanded categorical eligibility is the increase in the maximum income limit to SNAP applicants and is expected to increase the participation. Variables used to estimate NSLP and WIC participation are limited only to demographic and socioeconomic variables because similar instrumental variables are not available.
The second step is to estimate the full equations with the predicted values from the first step as:
Estimates of (4) and (5) are compared with estimates of (1) and (2) to show the importance of addressing the endogeneity problem of food program participation variables. Estimates of (4) and (5) are inefficient if the error variances of these equations are heteroscedastic. The White test confirms the heteroscedasticity, and therefore, the GLS procedure is used to estimate (4) and (5).
Pseudo Panel Data Analysis
In addition to the cross sectional data analysis for each year, this study also conducts the pseudo panel data analysis. In general, the panel data analysis is superior to the cross sectional data analysis because the panel analysis allows one to consider dynamic behavior of individuals over time. Another advantage of the panel data analysis is that it can control for unobserved factors for the regression. When unobservable factors are correlated with explanatory variables, the regression model cannot be identified by the independent cross sectional data (Collado, 1998) . When the panel data analysis is conducted with a fixed effects model specification, unobserved factors in the children's food insecurity equation can be controlled.
However, one major limitation of applying the panel analysis to this study is that the CPS-FSS survey does not collect repeated panel data. For our sample period, the percentage of the same individuals being identified for two consecutive years is only about 50%. The survey has probably been designed such a way to avoid the attrition bias. Therefore, the question is how to conduct a panel data analysis when one has access to only independent cross-sectional data without real panel data. A pseudo panel data analysis is used in this study, which creates cohorts who share same characteristics and uses the average values of the cohorts to replace individuals. The average values of cohorts can be used in the same way as individuals in panel data to estimate the relationship between the food programs and children's food insecurity.
Many researchers suggest that characteristics included in the cohort creation should be time-invariant, and that the cohorts should have sufficient variation across years so that parameters can be estimated. In many studies, birth year has been frequently used to create cohorts because birth year is an obvious time-invariant variable (Deaton, 1985; Verbeek & Nijman, 1992; Moffit, 1993) . But in our study, birth year does not appear to be a proper choice because cohort size shows big difference across birth year groups, which can cause large measurement errors. To make the cohort size as even as possible, cohorts are created based on: (1) reference person's education: less than high school, high school, and over some college; (2) child's gender: male and female; (3) child's race: white who are not Hispanic, black who are not Hispanic , Hispanic, and other; and (4) child's residence region: Northeast, Midwest, South, and West. Although reference person's education and region of child's residence are not strictly time-invariant, over 90% of households identified in two consecutive years in the dataset show same reference person's education and no migration across regions. Then, the total number of cohorts is 3×2×4×4=96. The number of cohorts needs to be determined carefully. If the number of cohorts becomes larger, the size of each cohort becomes smaller. However, no research has shown exactly how large the cohort size should be or how large the number of cohorts should be. Measurement error could be a potential problem in the pseudo panel data analysis. However, as long as the size of each cohort is sufficiently large, the measurement error can be ignored (Deaton, 1985; Verbeek & Nijman, 1992) , and many studies do not consider the measurement error in their analyses (e.g., Moffit, 1993; Blundell, Browning, & Meghir, 1994; Bernard, Bolduc, & Yameogo, 2011) . The size of cohorts in our sample is at least 50, and therefore we do not take into account the potential measurement error problem in our pseudo panel analysis.
A fixed effects model is specified for the pseudo panel data analysis as:
where , , ,, represent food insecurity status, Rasch scale score, predicted participation of food programs (from (3)), and other explanatory variables representing children's demographic factors and their living environments for cohort c at time t, respectively; and represent unobservable cohort effect; and are errors. Pseudo panel data use average values of cohorts for each variable. However, the binary dependent variable in equation (6), , is created by the following three steps. First, the average number of positive responses to food security-related questions is calculated for each cohort. Then, using the average number of positive responses, the threshold number is determined to maintain approximately the same proportion of the food insecurity as the initial sample with individual children. Finally, the food insecurity status for each cohort is determined by comparing the average number of positive responses and the threshold value. For example, the food insecure children account for 9.9% in 2001from the initial sample. To maintain the 9.9% level of food insecurity, the threshold level for the positive responses should be 0.95. Therefore, if the number of positive answers from a cohort is greater than 0.95, we consider the cohort to be in food insecurity. The average Rasch scale value for each cohort, , is used as the dependent variable for the Rasch scale model. It should be noted that the pseudo panel data analysis also addresses the endogeneity problem using the two-step simultaneous equation procedure.
Data
Data used in this study are obtained from the Current Population Survey-Food Security Supplements (CPS-FSS) conducted by the U.S. Census Bureau. The CPS collects a mass of high quality data on labor force activity such as employment status and income, and personal demographic characteristics such as age, gender, race, education, and marital status. The FSS provides annual statistics concerning food access and adequacy, food spending, and food assistance programs. The FSS survey has been conducted each December since 2001, and about 60,000 households and 150,000 individuals are surveyed every year; approximately 33% of whom are children (ages 0 through 17). This study uses household data with children from December 2001 through December 2012.
In the food insecurity survey, people are asked 18 questions about whether or not their family members have had problems taking sufficient amounts of food during the 12 months prior to the survey. Among the 18 questions, 8 questions are specifically related to children's food security. Based on the number of "yes" answers, children in each household are determined to be either food secure or food insecure (Gundersen & Oliveira, 2001; Coleman-Jensen, Nord, & Singh, 2013) . Following the USDA guideline, our study considers a child to be in food insecure if the number of affirmative responses is larger than or equal to three (i.e., food insecurity without hunger). Another way to measure the food insecurity is the Rasch scale. The Rasch scale is generated still based on the number of affirmative responses to the food insecurity questions. However, unlike the binary variable (whether the child suffers from food insecurity or not), it provides a continuous scale to measure the severity of food insecurity. An increase in the Rasch scale indicates an increase in the severity of food insecurity, and as a household experiences less severe food insecurity, the value of the Rasch scale decreases. Generation of the Rasch scale is based on the item response theory in mathematics and psychometrics (Rasch, 1960 (Rasch, /1980 , and many studies have used the Rasch scale to define the food insecurity (e.g., Dunifon &Kowaleski-Jones, 2003; Wilde & Nord, 2005; Yen, Andrews, Chen, & Eastwood, 2008) . 2001, 2004, 2007, and 2010 . The sample for the binary model includes both food secure and food insecure children, while the sample for the Rasch-scale model includes only food insecure children after dropping food secure children from the dataset. Mean values of both dependent variables: binary and Rasch-scale reveal increasing trends over all, indicating that households with children become more food insecure and their food insecurity becomes more severe during the sample period. In the same period of time, the proportion of households living with children that are in food insecurity ranges from 9.9% to 13.84%. Mean values (proportions) of School, Preschool, Male, and Female only from children in food insecurity are close to those from the full sample that includes both food secure and insecure children. However, proportions of White from the food insecurity sample are definitely smaller than those from the full sample, while proportions of Black and Hispanic are larger in the food insecurity sample than in the full sample. These statistics indicate that non-Hispanic white children are less likely to fall into food insecurity compared to non-Hispanic black and Hispanic children. Percentages of children living with married couples are smaller in the Rasch-scale sample than in the full sample, but children living with single mother are significantly higher in the Rasch-scale sample. The difference suggests that children living in married couple households are less likely to face food insecurity problem than those living in single-mom households. Interestingly, percentages of children with single father are smaller in the food insecurity sample than in the full sample, which might reflect the income gap between single-mother and single-father households. Similar results are observed from income variables. Children living with low income households are more likely to be food insecure (e.g., children living in households with income/poverty less than 1.0 account for 19.84% from the full sample but 51.70% from the food insecurity sample in 2001), whereas children living with high income households are less likely to be food insecure (e.g., children living in households with income/poverty larger than 1.8 account for 62.98% from the full sample but 21.11% from the food insecurity sample in 2001). Children living in Northeast and Midwest tend to be more food secure (e.g., percentage of children in Northeast and Midwest are 15.16% and 21.56%, respectively, from the full sample but 11.95% and 19.65%, respectively, from the food insecurity sample in 2010), while children living in the South and the West tend to be more food insecure than other regions (e.g., percentage of children living in South and West are 38.47% and 24.81%, respectively, from the full sample but 41.93% and 26.09%, respectively, from the food insecurity sample in 2010). Statistics in Table 1 also show that children's food security status improves with the reference person's education level (e.g., percentages of children living with the reference person who has less than high school education are 16.59% and 27.05% from full and food insecurity samples, respectively, but percentages of children living with the reference person who has graduate degree are 5.65% and 1.39% from the respective samples in 2010). Not surprisingly, lower percentages of food insecure children are observed from children living with employed reference persons (e.g., 64.59% from the full sample vs. 54.86% from the food insecurity sample in 2010). Mean values of all indicator variables, NSLP, SNAP, and WIC, suggest that children living with households participating in these food programs are more likely to be food insecure than children living with non-participating households (e.g., 28.18%, 54.52%, and 17.51% from the full sample vs. 45.40%. 74.13%, and 23.86% from the food insecure sample for SNAP, NSLP, and WIC, respectively, in 2007). The result strongly indicates the possibility of endogenous food program variables in specifying food insecurity models as stated in earlier sections. Numbers in parentheses are standard deviations.
Empirical Results
Estimation results from probit and truncated regression models, (3) and (4), are reported in Table 2 . , and C at the 1%, 5%, and 10% levels, respectively. Numbers in parentheses are standard errors.
The binary model estimated with the probit procedure allows one to examine the impact of explanatory variables (representing children's demographics and living environments) on the probability of children falling into food insecurity. Estimates of Schoolage are significant at the 1% level for all years except 2007. The positive sign of Schoolage coefficient indicates that school-age children are more likely to be food insecure than preschool-age children.
The status of children's food insecurity is not affected by gender for all years but is significantly affected by race and family structure. Overall, black, Hispanic, and other race tend to be more likely to fall into food insecurity than the reference group, white, and similarly children living with single mother and father are more likely to be in food insecurity than ones living with married couple. Estimates of income variables (Income1, Income2, and Income3) clearly show that children living with low income households are highly likely to fall into food insecurity compared to those living with higher income households (Income4). Estimates of children living in the metropolitan area are all positive and statistically significant at least at the 5% level for all four years, which indicates those living in the metropolitan area are more likely to be food insecure compared to ones living in non-metropolitan area. Reference person's education level and employment status also look important factors determining children's food security status. Overall, children living with more educated and employed reference persons are less likely to fall into food insecurity compared to those living with less educated and unemployed reference persons. Estimates of dummy variables representing the participation of food programs, SNAP, NSLP, and WIC, indicate that children who receive food assistance are more prone to be food insecure. As discussed earlier, such results are apparently misleading probably due to the endogeneity problem of the food program variables, which will be further discussed with results in Table 3 after controlling for the endogeneity problem.
The Rasch-scale model is estimated with the truncated regression because the data is limited only to children who are in food insecurity, and results are reported in the right-hand side of Table 2 . Overall, results are similar to those from the probit model, except that the results from the Rasch-scale model should be interpreted as impacts of independent variables on the severity of children's food insecurity. School-age children tend to experience more severe food insecurity than preschool-age children, and black, Hispanic, and other-race children also tend to be more severely food insecure than non-Hispanic white children. The extent of food insecurity is more severe from children living with single mother and single father than those with married couple. As expected, children living with lower income households (Income1, Income2, and Income3) have more severe food insecurity than those with higher income households (Income4). Children living in metropolitan area show more severely food insecure than those living in non-metropolitan area. Estimates of reference person's education and employment variables show that children's food insecurity status improves with reference person's education and employment. As with the results from the binary model, coefficients of SNAP, NSLP, and WIC are positive and mostly statistically significant except WIC in 2001 WIC in , 2004 WIC in , and 2007 . Results from Table 2 are mostly consistent with findings from descriptive statistics reported in Table 1 .
The probit and truncated equations are re-estimated with the simultaneous equation procedure to address the endogeneity problem of food program variables following (5) - (7), and results are reported in Table 3 . , and C at the 1%, 5%, and 10% levels, respectively. Numbers in parentheses are standard errors.
After controlling for the endogeneity, estimation results of, in particular, the food program variables differ from those reported in Table 2 . In both binary and Rasch-scale models, coefficients of food programs now become negative and are statistically significant in most cases. The results indicate that the food programs have effectively reduced the probability of children's being food insecure as well as the severity of children's food insecurity, given children's demographics and their living environments. Comparing Table 2 and Table 3 clearly demonstrates the importance of addressing the endogeneity of food programs in specifying the food insecurity. The rest of results in Table 3 are mostly consistent with those reported in Table 2 . Table 4 presents results from the pseudo panel data analysis in the simultaneous estimation framework. , and C at the 1%, 5%, and 10% levels, respectively.
Numbers in parentheses are standard errors.
For both binary and Rasch-scale models, the first column presents estimates and corresponding standard errors (in parentheses) from a model without interaction terms, while the second and the third columns show results from models with interaction terms between household income and Unmarried (Unmarried = 0 if child lives with married couple; 1 otherwise), and between household income and Nonwhite (Nonwhite = 0 if child is White and not Hispanic, 1 otherwise), respectively. The interaction terms are included in our specification to assess if effects of family structure and race on children's food insecurity differ by income group. Note that family structure, race, and income are major factors affecting binary and Rasch-Scale models in Table 2 and Table 3 . In our pseudo-panel model, the race variable can be included only through interaction terms because the fixed effect model is used in this study and also the race variable (along with education, gender, and region) has been already used to generate cohorts.
From the binary probit regression with no interaction terms, we find that estimates of Unmarried, Income1, and Income2 are statistically significant at least at the 5 percent level. Results indicate that children not living with married couple and living with lower income family (income/poverty is less than 1.3) tend to have higher probability of falling into food insecurity than those living with married couple and relatively higher income family (income/poverty is greater than or equal to1.8), respectively. Similar results are found from the Rasch-scale model with no interaction terms. Both binary and Rasch-scale models with interaction terms between family structure and household income levels (Unmarried*Income) show no statistical significance on estimates of the interaction terms (except Unmarried*Income1 of binary model). This result suggests that effects of family structure (in particular, the reference person's marital status) on children's food insecurity are not affected by household income. However, estimates of Nonwhite*income from the binary model are positive and statistically significant at least at the 1% level (except Nonwhite*Income3) and are decreasing with income level. The result indicates that relatively higher probability of being in food insecurity from non-white children (found in Table 2 and Table 3 ) decreases as household income increases. Similar pattern of income effect is found from the Rasch-scale model, but only the coefficient of Nonwhite*Income1 is statistically significant at the 1% level. Effects of food programs on children's food insecurity have also been estimated. In the binary model, parameter estimates of all food programs are not statistically significant, and only the coefficient of SNAP is negative. However, unlike the binary model, the Rasch-scale model results in negative and statistically significant coefficients for SNAP and NSLP at least at the 10% level (except the estimate of NSLP from the no interaction equation). This indicates that food programs, SNAP and NSLP, are effective in decreasing the extent of children's food insecurity over time.
Conclusions
Our study examined the impacts of food assistance programs, demographic characteristics of children, and socioeconomic status of households on children's food insecurity in U.S. Specifically, this study used probit and truncated regression models to investigate whether or not the food programs, SNAP, NSLP, and WIC, decreased the probability of children's being food insecure and the severity of children's food insecurity, while effects of children's age, gender, and race; family structure, income, and location; and reference person's education and employment status were also examined. The potential endogeneity problem, caused by reverse influence of food insecurity on participation of food programs, was addressed by the simultaneous equation procedure. Both annual cross-sectional and pseudo-panel analyses with fixed effect regressions were conducted in this study.
Results from probit and truncated regressions using annual cross-sectional data showed that children participating in food programs were mostly more likely to be food insecure and to be more severely food insecure without addressing the endogeneity problem of the food program variables. However, after correcting for the endogeneity problem, results from both binary and Rasch-scale models indicate that the food programs are mostly effective in reducing the probability of children's being food insecure as well as the severity of children's food insecurity. The pseudo panel analysis produced mixed results: from the binary model, no significant effect of food programs was found in reducing the probability of children's being in the food insecurity, while statistically significant effects of food programs, SNAP and NSLP, were found from the Rasch-scale model in reducing the extent of children's food insecurity problem over time. Overall, we found children's demographic characteristics and household socioeconomic status (living environments) also played significant role in determining both whether children were in food insecurity or not and the severity of children's food insecurity. Annual cross sectional analyses showed that non-white children and children living with sole-parent, low income and metropolitan households, and less educated and unemployed reference persons were more likely to fall into food insecurity and were likely to have more severe degree of food insecurity than white children and children living with married-parents, high income and suburban households, and more educated and employed reference persons, respectively. The pseudo panel analysis showed that effects of family structure, whether children live with sole-parent or married-parents, on children's food insecurity did not change with income levels. However, the analysis found that overall, non-white children's status of food insecurity problem was improved as household income increased.
Though our study found the effectiveness of some government-sponsored food programs in improving the status of children's food insecurity, it did not provide information about the effectiveness of food programs by either observed groups (for example, groups formed by children's demographics and their household characteristics) or any latent groups. The group analyses on the effectiveness of food programs might help answer such policy questions as: why is a food program more effective than others?, who should be the target group?, and what needs to be done to improve the programs? Another direction of extending the current study might be to consider measurement error problems due to the timing of food insecurity survey vs. food assistance receipt, misreporting the food insecurity status and the participation of food programs, and unknown (or unreported) household characteristics. Finally, the issue of measurement errors in forming cohorts for the pseudo panel analysis could be revisited. Several studies in the econometrics literature recently introduce both parametric and nonparametric procedures to address the measurement error problems.
Footnotes
1. The USDA generated the Rasch scale from a set of survey questions about the food insecurity following the item response theory, which will be further discussed in the data section.
2. The question was asked if the household received SNAP benefits for the past 12 months, while similar questions were asked if the household received NSLP and WIC benefits for the past 30 days.
3. Household income in the dataset is shown in ranges. Therefore, following Wilde & Nord (2005) and Nord & Romig (2006) , the income variable in our study is represented by the ratio of annual household income (center of each income range is used) to poverty threshold of each household. Poverty thresholds are established by the U.S. Census Bureau on the basis of household income, household size, and number of children.
4. Metropolitan areas are central cities defined by the Office of Management and Budget. Residence is hypothesized to affect children's food insecurity by affecting living costs (Michael & Citro, 1995) .
